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Blood Separation Astern Pa rticularly for Concentrating 
Hematopoietic Stem Cells 



FIELD OF THE INVENTION 

5 This invention relates to the automated processing 

and separation of biological cells as found in whole 
blood, and relates more specifically to a functionally 
closed system allowing to extract certain cell populations 
like hematopoietic stem cells, for immediate use or their 
10 mixing with an additive solution or a storage solution for 
later separate storage operations and to the methods for 
carrying out such an extraction. 

BACKGROUND OF THE INVENTION 

Blood separation systems and methods have emerged 
15 over the past 2 0 years in response to the growing need for 
efficient blood component therapies. Among them are the 
transplantation of hematopoietic progenitor stem cells, 
which in many cases is the only remaining cure to 
oncological disorders. Patients in need of a stem cell 
20 transplant have mainly three options: 

1) Adult bone marrow stem cells; 

2) Peripheral blood stem cells found in the 
circulatory system; 

3) Stem cells found in umbilical cord and placental 
25 blood retrieved at birth of a new born infant. 

For most stem cell transplants, the main limitation 
has been the risk of graf t-ver sus-host-disease ( GVHD ) , 
requiring an excellent HLA-match tissue ( HLA = Human 
Leucyte Associated) . 

30 Umbilical cord blood is a rich source of the 

primitive hematopoietic stem and progenitor cells, with 
extensive proliferation capacity and capacity to self- 
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re new. This field has advanced rapidly from clinical 
implants utilizing only HLA-matched grafts to unrelated 
donor cell transplants which open a much larger indication 
for stem cell transplantation. This increase in clinical 
5 experience with cord blood is due mainly to the 
establishment of banks for storage of hematopoietic stem 
cells from unrelated umbilical blood cord. 

Blood volumes recovered from umbilical cord are 
usually very low (40 to 150 ml. and there is some concern 
10 that any attempt at product manipulation and concentration 
might result rn stem cell loss, which might impair 
engraftments. Therefore umbilical cord blood is sometimes 
stored as is. with preservative solution added. A much 
preferred way would be to eliminate most unwanted cells 
15 like red cells and white cells. resulting rn a 
considerable volume reduction. Less preservative solution 
would be required, smaller bags, smaller storage spaces 
would be used and considerable energy savings achieved, 
all of this translating in substantial cost savings. The 
20 quality of the stem cell product when retransfused would 
be improved as well, as !ysed cells resulting from storage 
would be drastically reduced. 

No device or automated system exists for processing 
and concentrating on line umbilical cord stem cells. There 
rs nevertheless a considerable interest for concentrating 
umbilical cord blood stem cells without loss or altering 
their functionality. 

EP-B-0 912 250 ( C . FELL) , the contents whereof are 
herern incorporated by way of reference, describes a 
system for the processing and separation of biological 
fluids into components, comprising a set of containers for 
receiving the biological fluid to be separated and the 
separated components, and optionally one or more 
additional containers for additive solutions. A hollow 
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•™ rhamber is rotatable about an axis 
rpntrifuqe processing cnamDer ±b 

rotation by engagement of the processing c-er», ■ 
rotary drive unit. The processing chafer has an ax al 
lUoutlet .o, biological fluid to be proc.^ ^ for 
s processed components of the biologica. .-^ 

Llet/outlet leads into a separation space of variable 
volume wherein the entire centrifugal 
biological fluid takes place. The processing « 
courses a generally cylindrrcal wall extending f m n 
0 end wall of the processing chamber, this generally 
lindrical wall defining therein the hollow processing 
chamber which occupies a hollow open cylindrical spac 
coaxial with the axis of rotation, the axial inlet/out et 
being provided in said end wall coaxial with the generally 
l5 r Y lindrical wall to open into the hollow processing 
chamber. The processing chamber contains within the 
generally cylindrical wall an axially movable member such 
as a Piston. The separation space of variable volume is 
I f ned in an upper part of the processing chamber by t e 
2 0 generally cylindrical wall and by the *^ ™«>£ 
member contained m the generally cylindrical wall of the 
processing chamber, wherein axial movement of the movable 
member varies the volume of the separation space, the 
Lable member being axially movable within the processi g 
25 chamber to intake a selected q uantity of biological luid 
to be processed into the separation space via the mle. 
before or during centrifugal processing and to express 
processed biological fluid components from the separation 
space via the outlet during or after centrifugal 
30 Processing. Means are provided for monitoring the position 
of the movable member to thereby control the amount of 
iLxen biological fluid and the expression of separatee 
opponents. The system further comprises a distribution 
va lve arrangement for establishing selective communication 
35 between the processing chamber and selected containers or 
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for placin* the P-cessi M chafer -a container, out of 

conmurd.cat.ion . 

<- n fp-B-0 912 250 is designed to 

or a patient 



operate - applications. 

DISCLOSURE OF THE INVENTION 

.ccordin* to the invention such -^^arTl" 
opar ate in a separation mode - « . grester 

^-separation £££ ne „ applications 

possibilities for use of tie „ separat ion of 

w hich w=« heretofore ~^«^-' laboratQry processing 
hematopoietic stem cells and in 3 OOTllpriBes »e« a *« 

A c=ordina to the lD « ^ s Sy ; tem ln two wer . t io M X 

rrr S e=rr n ^e : — 

mode, wherein? 

_ in the static, **. ™°>™? ZTJZl « 
processes chafer while the c£»b « » « ^ 
stationary, fluid iatato mto the c^r 

separated into co^onents , and the s P ionally , for 

expressed while the « ^"^L^ is stationary, 

the last separated component, vfn.ie 

and 

. in the transfer mode the processing chafer intakes 
fluid with the chafer stationary. The 
fluid and expresses fluid wit. trans £er amounts of 

valve actuation arrangement « "^n« P-cessin, 
eiuifl from one container to c entrifu 9 ation or 

chafer. h y ^ t f ^ thB means for 

counts of non-separated fluids transfer-ed. 
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Fur ther features of the -entron^ - - in 
ciaims. This ime nuon ^^^ 0 ^ t a ab £ 1 ^ a ^ a tus. whose 

functxon is to monitor and like lihood of 

disease transmission, « b Qperatlon , 

chamber whose volume can be o£ blood to 

j • r.+ t-r> the exact quantify 

allowing to ad]ust to tne descr ibed in the 

u :r;r; o raT: t oe bags r — - 

coUection of the separated oomponen .s. ^ 
containing the blood to process is connecting 
the disposable set through the use of a st ^ ^ 

15 device, or an aseptic connectrc n under am ^ ^ 

however possible to have thi b 9 J ^ 
anticoagulant and preconnected to the 

A bag containing an additive solution can^be 
connected to the dispos potion of the 
20 Th e other bags are provide* tor ^ collectlon bag 

::;r: s c o;r:::rchosen £ „ - storage — , 

Th e tubing Une selection - ^^^ 
products into the proper bags , a P arranged in 

25 rotational valves callec , topco^b^ca^^ rotational 
a ma „ifold array or by ^ arrang ement allows 

valve formin. part o - the ^ between adj acent 

to eliminate any "ubs 
lin es when using standard pinch valves. 

30 - above-mentioned = ^ ^ 

instrumentation for ™^™ ^ Q ^ 250 (C . FELL) . The 

for instance as described in EP B O ^ ^ 

centrifuge drives a rotating dxs* Wh ^ 
centrifugal processing chamber and locks 



WO 00/38762 




PCT/IB99/02053 



10 



dosing cove, will gr,P and hold the housing of the rotary 

seal of the processing chamber. 

a array of LED and 
An optical sensor made of an array 

,. ra giving sensors placed at 180 is 

correspondxng .e.e 9 cent rxfuge, for 

measured, ine v effluent tubing, 

15 M1 toon 9 the stopcoc* valve, Zer to see 

incorporates a window allowing the 
displacement of the piston in the charter. 

The procedure for extracting stem cells out of an 

—r ri;.;.;.,:" - »• 
». ..... ... " •••-«, — r. 

■ . rnrtlice d by moving down tne «- 

mtroauceu volume of 

pn eu m atrcali y . * cases can then ~cu . ^v ^ 

".^"ct- - - statl of the e ££lM t 

volume (as detectea y intermediate 
\ t-v^ niston is maintained at an 
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or It the vol»e o£ blood completely fills the 
sensor. the v pist on reaching the 

both cases, centrxfugat.cn speed is mere 

Ter-r^rrtr— 

.round 4 0OO r P m. Stopcocks are rotated « 

co uec tlon «* - ^:r/rr: e t ;; P1 s t o n u^s. 

pressure gradually increases ^^n^ bv 

L speed of the piston ^ ^ ^ = ^ 
the Piston position ™ c e s Ithtn the chafer. The 

ri\::i ^ - - ----- 

eh b«a It is followed by platelets, packed rn 

stopped. The proper stopcock valve is rotated ' 

±--~.ii^r a volume ot pacKeu j-c^ 
5 product is extracted, essentially a vol tion 
cells with residual granulocytes, into a ^ ^ 
bag . mother cycle can ^" llT Otherwise, the 
b lood has not been ^^H^\ toceea is completed 
separation and stem cells collection p 

JO at this stage. 

it is possible to reprocess the content o£ 
However, it is possibl further 
the bag containing the stem cells, i ' 
purifying the product. In this case, 

va lve is rotated to ^ «"^J?.Z *» rich 

35 concentrate bag. The procedure to ™^ ect 

layer is identical then to the one described above. 
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fra ction fro, the buffy-coa x na.es F icoU 
products such as those »«xl-* a density 



and Percoll. In this alter.-- ^ sing chalri 3er, 

product is first introduced into ^ ^ 

fo llowed by —duct^f is separated into a given 
of the biological fluxd d when the density 

— and its »U--- lty gradien t product 
gradient appears. Poss.biy 
may be introduced during processing. 

US ing .icoll would for « "^^^ 
producing the density ^ A£ter complete 

chafer, followed then by whol M sediroentatiori 
introduction of blood into the chafer, ^ ^ ^ 
period of a few tinu^s ^ e • ^ ^ 

platelets fori, an interface ^ 
wh ereas erythrocytes and granu locy tes h P ^ ^ 

the Picoll and are held against ^ ^ ^ 

separation chafer. The piston is th ^ ^ 

collection. 

ellq ar e collected by one of the 
?5 When the stem ce.-b OT -, rat ive solution can 

" m ethods described above ^^iZTly rotating the 
be introduced into the processing « V 
proper stopcoc,, the syste, ^ ting ^ ^ 

m ode. It is then retransf erred into th ^ 
30 volume accurately controlled by 
sensor . 

^ o11 ric h product can be 
The bag cental the stem cell r c p ^ ^ ^ 

-connect, at this stage ^ ^ f ^ 
volume ranges between 20-40 ml, 
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A The by-products of the separation, 
volume processed. The by P ^ ^ ^ fQr serolo gy 
plasma and packed red cell , due to samp ling 

and HLA typing, avoiding any product 

in the stem cell bag- 
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advantages over manual P ^ avolding 

deposable kit rs * 127211^, during manipulation. 
any risk of through a preprocessor 

The protocol is fully autom ^ vary the ma m 

bas ed control system, wlth ce ntri f ugation 

parameters, like centrif ugat ion ^ ^ 

time, speed of in-du^on ^ « ^ ^ cell 

collect, etc. The volume reduction ^ comparedwltn 
product represents a gam o instrume ntation is very 

the current state of the ar . decentralized 
compact and portable, ideal 

• „ qnch procedures . 
processing ot such y 

■ „ t.v, P use of the 
r^v nf the invention is the u^ 
A further aspect of tn vari able volumes of 

above-described system for P r °^ eS iinum volu me of 

bl ological fluid from - ml up to ^ ^ 
the separation chamber, and par ticular for 

so l u tron to U- ^ «-;° £ r: "loo* - m^in, 
separation of .ten. cells tlve solutio n; tor 

separated stem cells with P ^ umbi lical cord 

separation of ^^^J^etic stem cells fro, an 

s P tem cel ls fro, a bone marrow asprrate. 
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BRIEF DESCRIPTION OE THE BRINGS 

■ xl be further described by way of 
The invention wrll b ying drawings in 

example with reference to 

r . c side elevatron and cross- 
- Ft,, l i» » schematic ^ 

<" SntS - t - £1 de elevation and cross- 

SeC r^cred -h\Iopt 1 ca 1 sensor for monitor^ ^e 
P !Iton slnsor, and control circuitry. 

in a schematic form the 

. Fig . 3 

disposable set carrying a £ = ^ ^ 

processing and separation of umbi 

Fig . 4 iUnstratesih a schematic form an arra, of 

st „pco*s arranged in a manifola. 

, ■ r side elevation and cross- 
-^■.^oVjrrJi- and control elements 

r 0 r:::it\;ricri:Lid Ua i stopcoc, 

, 6 1S a schematic side elevation and cross- 

seccl ; n ^: . — — 1 . t 

. llv illustrates the multrport 
" Fi9 ' 1 SCh TXre 6 » — outlet port 

^Tat V the Ve ce 0 hte F r ^ a ran.e of associated ports 
located at trie 
located at the periphery. 

■ nf a cabinet containing 
_ Fig . 8 1S perspective view of a « ng ^ 

instrumentation and devices 
processing • 
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functional diagrams 
. 9 , to Fxg. 9.6 are funct 
- Fig- 3 - 0 of umbilical 

showing the various step °£ ^ a prQcessing 

„inn a disposable inve ntion. 
separation using a ^ accordi ng to the 

chamber and a set o " 

n -c rR T PT I0N OF THE SYSTEM 
DETAILED DtSCtUPH 
5 ■ n accordance with that 

The processing chamber 20 « x . g a general 

aesclea in EP-B-0 9" «0 (C.EELL, a ^ ^ 1S 

:i:; o£ the processing chafer 0. ^ ^ u is 
r ocat ea on its upper ««em.t^l0 ^ ^ ^ ^ 

10 compcsed o £ an upper body 1 and ^ a ^ 

_ ^ » friction disK j, , s steel or 

is located a rn , iqhed stainless 

action materia! P°- * biocompat ible material 

ceramic. A centra! tubing 7 ma*e ^ ^ bo<Jy An 0 - 
lite polycarbonate is attache , bQ(5y 2 and 

1 8 ensures airtightness betwee e<J Qn a 

15 ring 8 ens rot ary seal 12 £ 

friction disk 3. The r extremity 
f c r entral bush U central bush 11 can be an 

processing chamber 20. Howe r c walls of 

pr ^ „f chamber 20. me a 0.5 mm, 



20 



process™ . 20 . The gap - OT , 

integral par>- oi u is small, say 

, tubing 7 and central bush l stopping any 

central tubing r - or , a l impedance t« 

to provide a high « tati0n "L renlity o£ bush H • * 
Uguid to reach the upper - * the proper 

^Tu e° £ as^ly. Two ^eing on the 

nf the friction disK ls 5 

either side of tne £lde . Tne 

e upper side and ^ ^ alrt i g htne S s bot 

and 6 are o£ the v-se.1 «P ^ at least 

in positive and negative press 



and 
in ' 
30 bar. 



pol ycarbonate and is «^«f £rictl „„ material like 

P • c are made of l° w , _ ; ts bottom 

These 0-rmgs are m ^ clQsed on its 

silicon. The processing chambe 
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m Air can 
arterial filter 23. Air 
■x hv a cap 22 carrying a bacte ^ 22 _ 

side by a ca^ -^nn 26 and niter 

pass through central opening 2 ately m onitored 

position of the piston 21 can g ^ ftssembly 

by an optical sensor asse^ ^ pre£erably wi th 

is m ade of a vertical array ^ ^ reduce 

ught fitting in the ,nfr ^ ^ ^ p 

distu rhance fro. avold interference fro, the 

21 a re turned on, xn order to ^ transparent 

oth er , ED . T - hea^ o ^ ^ ^ and 25 * CCD 
01 between the lwu placed at 

piston 21, bee line ar array 61 is P 

( ., charge coupling Pevrce 1 ^ q£ array 6 1 

18 0° on the other -^e £ormo£ apeak. 

Signal 62 is fed to a which als0 receives 
nlte red signal fed ^ for discr— 
from potentiometer 68 a thr nQlse . The output of 

the filtered signal fro. an^e ^ q£ cmmter 
comparator 6, is connect the response fro, 

65 clock signal 66 is used to ^ ^ and fe ed 
each individuai pixel of the C- 1, ^ £ ^ 

this to the input o£ counter 65 the posi tion of 

f B connected to a CPU « the tu rned-on 

piston 21 and, when reared ^ wh 

rr^r^^- - the plston21 to 

control its position. ^ ^ ^ 

This is only one ° £ > be a £ilam ent bulb. 

, prston 21. *e liant The CCD linear array 

P or a unique linear sour ce o J nsing devices. 

61 could be replaced * »" * could b e placed also 
The receiving sensing device^ ^ ^ ^ ^ in 
beside the emitting H9 
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£i *-*fher in tr admittance 

Ught through the pi-«» 21. 

i.i^. -ll is composed of Bags *" i 
The disposable set <*«J' „ an3 the processing 

tubing lines connected « cord blood to 

chafer 20. Bag 40 con ^ tiT , solu tion. generally 
process. Ba, 41 ^""V?^, solution. It is connected 
bas ed on a DHSO (Dimethyl Sulfo* a > a 2 filter 

to the disposable set ^f^" for the stem-cell rich 
54. Bag 42 i> the 'J is ^.de of a material 

product, its Plastic ^os.t.on collectio n bag for 

suiting long term for c he red cells. 

Kig . 3 also too «=m 22 -1th a »«ry 

20 by contacting th. « - peEipl>e ^. 

aisc 55 without any support 

v - 48 (F'g. 5) organized u. a 
Rn array of stopcocks 45-4 s J - dif£e rent tubing 

5S allows the connec-on hetve ^ 

lines . These ««^° na \^° P ~t e that no leek occurs between 
between adjacent lines and ensur ^ pinch 

a closed and an open line, as is th ^ ^ „. 

* llve3 . such manifold »W cocIt * ""V^ 45 _48 are driven by a 
Totally available. The stopcock* ^ 

,. t of -tors ^^U» Portion of the 

these motors engage into the bo tie cilblJie t 

stopcocks 45-48. using moM £or possible manual 

topdeck SB. AS a safety maas ^ e the stopcock m one 

actuation, the shafts can engag* in ^ foI cll 

position only, a metchi scopc ock. The motors can be 
^pose between the -^^^^reductors . Shey are ecuipped 
stepper motors or DC motor sigM ls are fed back to 

are correctly positioned. ^ a 

An alternative to -ing a £ g ^ ? _ ft 

rotational multiport valve, as sho 
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n ,T is inserted into a stator 126. The rotor 
central rotor 127 is ^ can be engage d on the 

127 can be fictionally ™- ate conn ected to the 

shaft of a motor. The central port 120. , 
process,™ chafer 20. can be connec ted to th P ^ 
5 ports 121-12S by controlled rotation wi ^ 
72 .. As a ---™;; t /;/; t I! -ns can be provided 
actuation, etching — ^ snap . holdi n g the 

central port 1..0 in ^ ^ necessary to 

10 with the peripheral ports. A q _ 
. . 0 rh . ro tor through the engagement recess 
drive the rotor ^ = . , the exterior 

rings 130-131 ensure watertightness with 

- — c^rrrrr^rng 1 :;:::,: 

15 Fig . 3 . It contains the cover 9 ^ ^ 

seal 12 of the Pressing jha^e Qn hinge 89 . M 
o£ two sem i- circular dis, tha - ^ ^ in the 

optical line sensor - LED _ pho tosensor channels, 

effluent tubxng 51- It no i.u capable 
of different wavelength li.ce red and green, and is P 
„ f detecting the first cells ° £ 

oi^/ Hptect the empty state 01 uiie 
20 ' " Mn S T liquid ^ introduced in the chafer. The 
line tubing when liquid m n ac terial filter 

pressure port — 86 receive the ° ^ 

" --"^rthr^relrr^e^cessing Chafer 20. 
monitoring of the pr ^ ^ ^ 10Q _ 103 

t are 1 Lated behind the line sensor 83. - 
"ng visibility to the chafer piston — . 
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«... - « - — rr-r. 

umbilical cord blood rxch 

the u-*xlxcal cord at bxrth of a chxld 

v liVP CPD to avoid 
Thl s bag 40 con,,, -l ected to une 

blood clots. Tubing Ixne 53 " " e or aseptxcally 

52 using a sterile connecting de 
onnected under laminar flow. However t ^ ^ 

separation steps are: 

v= 45 and 46 are rotated 
,Fig9 4 o : t rin: Jessing chamber 20. 

to connect bag 40 to th P stablliz ed at a 

Centrifugatxon starts an ^ £ystem of the 

5 speed of 4000 rpm- The > „ move the piston 21 

instrumentation establishes ^ sensor 

assembly 61 and 62, and ^ smaller than 

accordingly. If the 9 e££1 uent tubing line 

;0 the proce ssing volume of « ^ ^ optlcal xine 
51 will empty, which i d ^ motlonl ess by 

sensor 83. The prston ^ pneumat ic 

establxsbxng a counter pr su» t ^ is 

system, and the volume intake increaS ed to 

25 recorded . The centrifuge r - « ^ „ 
reach 6000 rpm, wxth pressu ^ ^ the 

ke ep Piston 21 at the same P°«^ " sing volume of 

volume of bag 40 rs larger than ^ ^ ^ 

chamber 20, piston 21 of£ . In both 

30 chanJ oer, and the pneuma txc s » abQut ^ min , 

cases, after a -drmentatxon * maintain rng a 

centrxfuge speed xs slowly decree ^ stopcocks 46, 

constant counter pressure below pxsto 
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• =>, a oath between the 
47 48 are rotated to establish a pat 
jessing chafer 20 and the plasma bag 43. 

step2 ^ 9 . 2 .= *-» -r^r,""-" 

sp eed generally ^^".U paction 
move upwards, with a Pres P ^ ^ modified 

rat es around 100 plasma starts to be 

through the P^ame volume o£ p lasma extracted 

coUected in bag ^ When the 
caches »PP«*"^* ' redKC a by half. The first 
extraction rate wnl buffy . coat layer start to be 

platelets contained i absor bance in the 
extracte d, which » J tain level o £ absorbance, 

optical line sensor 83^ At ^ stopcock 

chamber 20 and bag 42 . 

,„■„ 93)' A volume counter is triggered, and 
Step 3 (Frg 9.3). A v starts. 
Election of a product very rich in * e 
Extraction speed is always under the contr ^ 
,0 optical sensor assembly 61 and . am me nu . It 

va lue can be altered by the user the P ^ 
is chosen rn order to ^^J^^ in densrty 

and size to the y y ^ ^ int aken volume into 

25 corresponds generally to ,u- . stopcocks 47 and 

the chamber. When this value is reache 
48 are rotated to establish a path with bag 

, (Fiq 9 4): Centnfugation is generally 
Step 4 <Fi9. • «> ure diminis hed to allow a 

stopped at this stage cells int o bag U. 
30 smooth extraction of the reaches the top of 

Th is Phase is co-le^ *" 2 _ Qptical 

the accessing chamber 0, ±f ^ bag 40 ls 

sensor assembly 61 and 6_ . ^ step x , 

not empty, the process will 
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■-v, Qt-Pt) 5, which is the 
otherwise it will s * 0 further separate 

transfer mode. An optional phas ^ ^ g 42 

the stem cell Product by retain , ^ 
in to the pro=e= S « chamber 2 n ^ to bags 

once again and expressing its sepa 



43, 42 and 44 as before. 



q s , . stopcocks 45 and 46 are rotated 
Step 5 (Fig. 9.3). St ^P ^ preservativ e 

in order to -ablish a Path ^ c^er 20. T h e 

s olution bag 41 and the P compositlo n based on 

pres ervative solution is which can contain 

10 or 20vol% OKSO =^^\ fuge bei ng idle, piston 
also a phosphate bu££er . Th ; stabUshing a vacuum with the 
21 is moved downwards by es propo rtion of 

pneumatic system. ^ ^J^n step 4. When this 
the .olume --"; e /: h S e Cr ; a b ;l stops and stopcocks 46 
proportion is reached the & path between 

. , 6) . The pneumatic system is turned 
Step 6 (Fig. 9.61. * preservative 

SQ lution is added to the : conte- of ^ 

This transfer phase is <=«*> la ^ ^ dete cted by the 

the top of the proces sin ch^ ^ ^ ^ 

piston optical sensor ^ stem cell product 

5 additional phase can ^ „ thiB case 

needs to be diluted ^the difference that 

step s S and 6 will - th e plasma bag 

the transfer will be esta.Ush ^ ^ 
43, the processing chamber 20 



tne yi^^ 

described above are completed, all 

When all the steps des r* ^ ^ „ 

the stopcocks can be ^ J ^ ^ can be 

dose all the communicating port ^ ^.^ fee 

dis connected from ^ ' c£ll bag 42 is then 
discarded at this stage. 



WO 00/38762 




PCT/IB99/02053 



• to a separate storage unit, the by- 
ready for conveying to a sepa ^ ^ ^ ^ 

products plasma m bag 43 and reo 

HLA typing and quality control assessments. 

ri .. e , ^bat including a transfer 

d xt tiz rrr open, UP new .^i-. r 

operated solely in the separation .ode rn ^ 
applications requiring adding an additive 
separated components. 

* t->, = t- this invention may be 
Tt- is to be understood that this i 

al different forms without departing from 

in the specif! mean . ng range of 

embraced by the claims. 

the novel optical control device (60-71) 
Moreover, the novei y stopcocks 
her em described, as well as the ^ ^ 7) , 

<«-«' " bin9 bl U-T negative 

the special rotatable seal ,17, P ^ 

pressure operation, and the J> QUt a 

counting the chafer 20, perrait mg dr 
holding chuck, can all advantageously be used 
25 systems. 
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